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Overview 
This lecture will cover the basic concepts needed to understand the theory and implementation of multi-
dimensional RF pulses. The ideas of excitation k-space and the Fourier picture for small tip angle RF pulses 
will be covered in detail. The common k-space trajectories and pulse designs will be discussed. Examples of 2D 
and 3D spatially selective excitations as well as spectral spatial pulse designs will be presented. Applications 
including field inhomogeneity compensation and parallel transmission will be covered as well. Upon 
completion of the lecture, the audience should have a good fundamental understanding of multi-dimensional RF 
pulse design as well as possess a few tools to begin designing their own pulses. 
 
Detailed Outline 
1. The small tip angle approximation 
 a. The Fourier picture and excitation k-space (1) 
 b. Simple analytical designs 
 c. Approximate least squares solution (2) 

d. Parallel transmission (3,4) 
2. 2D and 3D k-space trajectories 
 a. Spiral (5) 

b. Spectral spatial pulses(6) 
 c. Spokes (7) 
3. Applications multi-dimensional spatial excitations 
 a. B1 inhomogeneity correction using a 3D slice-select pulse 
 b. B0 homogeneity correction using spectral spatial pulses (8) 
4. Simple Matlab programs (code provided by speaker) 
 a. 2D spiral pulse 
 b. Spectral spatial pulse 
 c. Bloch equation simulator 
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